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(57) ABSTRACT

Provided is an air intake device for an internal combustion
engine, the air intake device being configured so that a reduc-
tion in the amount of intake air is minimized. An air intake
device for an internal combustion engine has: an intake air
path for supplying air from a surge tank to the combustion
chamber of the internal combustion engine; and an exhaust
gas path for supplying exhaust gas from an exhaust gas dis-
tribution header to the combustion chamber. The length of the
exhaust gas path measured along the centerline of the exhaust
gas path is set to be in the range from 75% to 125%, inclusive,
of the length of the intake air path measured along the cen-
terline of the intake air path.
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1
AIR INTAKE DEVICE FOR INTERNAL
COMBUSTION ENGINE

TECHNICAL FIELD

The present invention relates to an air intake device for an
internal combustion engine including an intake air path for
supplying air from a surge tank to a combustion chamber of
the internal combustion engine, and an exhaust gas path for
supplying exhaust gas from an exhaust gas distribution
header to the combustion chamber.

BACKGROUND ART

The air intake device for the internal combustion engine as
described above includes the intake air path and the exhaust
gas path in order to mix, for combustion in a combustion
chamber, exhaust gas, blowby gas, or evaporated gas (evapo-
rated gas of fuel) that is produced as wasted gas by driving the
internal combustion engine, with combustion air.

Patent Document 1 listed below discloses a conventional
air intake device for an internal combustion engine including
a first exhaust gas path for supplying exhaust gas as waste gas
from an EGR surge tank acting as the exhaust gas distribution
header to the combustion chamber, a second exhaust gas path
for supplying blowby gas as the waste gas from the interior of
a cylinder head cover acting as the exhaust gas distribution
header to the combustion chamber, and a third exhaust gas
path for supplying evaporated gas as the waste gas from an
unillustrated exhaust gas distribution header to the combus-
tion chamber.

A downstream exhaust gas path section in each of the first
to third exhaust gas paths and a downstream intake air path
section of the intake air path constitute a common path.

An upstream exhaust gas path section of each of the first to
third exhaust gas paths positioned upstream of the common
pathis provided desirably depending on a position of the EGR
surge tank or the cylinder head cover.

In other words, no consideration is given to the relationship
between the length of the exhaust gas path extending along
the centerline of each of the exhaust gas paths and the length
of the intake air path extending along the centerline of the
intake air path. The length of each of the exhaust gas paths is
set to a desirable value depending on the position of the EGR
surge tank or the cylinder head cover.

PRIOR ART DOCUMENT
Patent Document

Patent Document 1: Japanese Unexamined Patent Appli-
cation Publication No. 7-103082

SUMMARY OF INVENTION
Technical Problem

Therefore, an inertia supercharging effect may be marred
to easily decrease the air intake to the combustion chamber,
which may disadvantageously reduce the engine output.

More particularly, if air pulsation in the intake air path fails
to coincide with gas pulsation in the exhaust gas path, pres-
sure waves in the intake air path in which the air density is
thick overlap pressure waves in the exhaust gas path in which
the exhaust gas density is thin, thereby to easily lower the air
intake pressure. As a result, the air intake is easily decreased.
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2

The present invention has been made having regard to the
above-described circumstances, and its object is to provide an
air intake device for an internal combustion engine for prop-
erly maintaining the air intake to the combustion chamber.

Solution to Problem

A first aspect of an air intake device for an internal com-
bustion engine according to the present invention lies in com-
prising an intake air path for supplying air from a surge tank
to a combustion chamber of the internal combustion engine,
and an exhaust gas path for supplying exhaust gas from an
exhaust gas distribution header to the combustion chamber.
The length of the exhaust gas path measured along the cen-
terline of the exhaust gas path is set to be in the range from
75% to 125%, inclusive, of the length of the intake air path
measured along the centerline of the intake air path.

According to the above-described arrangement for the an
air intake device for the internal combustion engine, the
length of the exhaust gas path measured along the centerline
of the exhaust gas path is set to be in the range from 75% to
125%, inclusive, of the length of the intake air path measured
along the centerline of the intake air path.

Therefore, the air pulsation in the intake air path tends to
coincide with the gas pulsation in the exhaust gas path more
easily, as a result of which the pressure waves in the intake air
path in which the air density is thick easily overlap the pres-
sure waves in the exhaust gas path in which the exhaust gas
density is thick.

Consequently, the above arrangement allows the air intake
to the combustion chamber to be properly maintained to
suppress the decrease of the air intake.

A second aspect of the present invention lies in that the
intake air path includes an upstream intake air path section
and a downstream intake air path section. The exhaust gas
path includes an upstream exhaust gas path section and a
downstream exhaust gas path section. The downstream
exhaust gas path section and the downstream intake air path
section form a common path. The length of the exhaust gas
path is the same as the length of the intake air path.

With the above-described arrangement, the exhaust gas
and the combustion air are mixed in the common path to be
supplied to the combustion chamber.

Further, the length of the exhaust gas path extending along
the centerline of the exhaust gas path is the same as the length
of the intake air path extending along the centerline of the
intake air path.

Thus, the air pulsation in the intake air path can substan-
tially coincide with the gas pulsation in the exhaust gas path.

Consequently, the above arrangement allows the air intake
to the combustion chamber to be properly maintained to
enhance the effect of suppressing the decrease of the air
intake.

A third aspect of the present invention lies in that a ratio
Lc/D of the length of the upstream exhaust gas path Lc mea-
sured along the centerline of the upstream exhaust gas path
section to a path diameter D is set to 3 or greater.

With the above-described arrangement, since the ratio
Lc/D of the length of the upstream exhaust gas path Lc to the
path diameter D is set to 3 or greater, the flow of the exhaust
gas merging from the upstream exhaust gas path section into
the intake air path (common path) can be reliably formed,
thereby to stabilize the flow of the mixture of the exhaust gas
and the combustion air.

A fourth aspect of the present invention lies in that the
upstream exhaust gas path section and the upstream intake air
path section are arranged parallel with each other.
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With the above-described arrangement, the length of the
exhaust gas path can be easily set to a predetermined propor-
tion of the length of the intake air path.

A fifth aspect of the present invention lies in that the
upstream exhaust gas path section and the common path are
connected to each other to allow the centerline of the
upstream exhaust gas path section to cross the centerline of
the intake air path with an angle smaller than 90 degrees.

With the above-described arrangement, the upstream
exhaust gas path section can be easily connected to an inter-
mediate portion of the intake air path to prevent the exhaust
gas from flowing backward to the upstream intake air path
section.

A sixth aspect of the present invention lies in that the
upstream exhaust gas path section and the upstream intake air
path section are sectioned by a common path wall to be
arranged parallel with each other.

With the above-described arrangement, the upstream
exhaust gas path section and the upstream intake air path
section can be provided in a compact way.

Further, when the waste gas is the exhaust gas or blowby
gas, itis possible to transmit the heat of the waste gas to the air
present in the upstream intake air path section through the
common path wall to preheat the combustion air.

A seventh aspect of the present invention lies in that the
upstream exhaust gas path section communicates with an
intermediate portion of the intake air path.

With the above-described arrangement, since the upstream
exhaust gas path section is connected to the intake air path, the
flow of the combustion air is reliably formed to stabilize the
flow of the mixture of the exhaust gas and the combustion air.

A eighth aspect of the present invention lies in that the unit
of the upstream exhaust gas path section and the exhaust gas
distribution header comprises a body forming the exhaust gas
path and a body forming the surge tank.

With the above-described arrangement, the upstream
exhaust gas path section and the exhaust gas distribution
header can be easily provided.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1is a vertical sectional view ofan air intake device for
an internal combustion engine; and
FIG. 2 is a sectional view taken on line II-11 of FIG. 1.

DESCRIPTION OF EMBODIMENTS

Embodiment of the present invention will be described
hereinafter in reference to the accompanying drawings.

FIG. 1 shows an air intake device B for an internal com-
bustion engine according to the present invention, which is
mounted in a gasoline engine A (an example of the internal
combustion engine) including a plurality of cylinders 1.

The engine A includes a metal cylinder block 2 having the
plurality of cylinders 1, and a metal cylinder head 3 connected
to an upper portion of the cylinder block 2. The cylinder head
3 is connected to a resin intake manifold 5 communicating
with a resin surge tank 4. A combustion chamber 7 is formed
between the cylinder head 3 and a piston 6 housed in each of
the cylinders 1.

Here, only a section corresponding to one of the cylinders
1 is illustrated in FIG. 1.

The cylinder head 3 includes a plurality of cylinder-side
intake air paths 8 each communicating with the combustion
chamber 7, a plurality of intake valves 9 for opening and
closing outlets of the cylinder-side intake air paths 8, a plu-
rality of exhaust gas paths 10 each communicating with the
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4

combustion chamber 7, and a plurality of exhaust valves 11
for opening and closing inlets of the exhaust gas paths 10.

The air intake device B for the internal combustion engine
includes a plurality of intake air paths 12 each having a
circular section over the length from the surge tank 4 to the
combustion chamber 7 for distributing and supplying air from
the surge tank 4 to the combustion chamber 7 through the
intake manifold 5, and a plurality of exhaust gas paths 14 each
having a circular section over the length from an exhaust gas
distribution header (EGR chamber) 13 to the combustion
chamber 7 for distributing and supplying exhaust gas pro-
duced by driving the engine A from the exhaust gas distribu-
tion header 13 to the combustion chamber 7.

The intake manifold 5 is provided with a plurality of intake
manifold-side intake air paths 15 (referred to as “manifold-
side intake air paths” hereinafter) communicating with the
cylinder-side intake air paths 8, and air flow control valves
(butterfly valves) 16 provided in the manifold-side intake air
paths 15.

Thus, the air intake device B for the internal combustion
engine includes the intake air paths 12 continued from the
manifold-side intake air paths 15 and the cylinder-side intake
air paths 8.

Each of the exhaust gas paths 14 has an upstream exhaust
gas path section 17 communicating with, from above, an
intermediate portion of the corresponding manifold-side
intake air path 15 positioned downstream of the air flow
control valve 16, and a downstream exhaust gas path section
18 located downstream of the upstream path section to allow
the upstream exhaust gas path section 17 to communicate
with the intermediate portion of the corresponding intake air
path 12.

Hence, acommon path 20 is constituted by the downstream
exhaust gas path section 18 and a downstream intake air path
section 19 of the intake air path 12 positioned downstream of
the portion communicating with the upstream exhaust gas
path section 17.

Further, while the upstream exhaust gas path section 17 is
formed with a section of the exhaust gas path 14 positioned
upstream of the common path 20, an upstream intake air path
section 21 is formed with a section of the intake air path 12
positioned upstream of the common path 20.

The unit of the intake manifold 5 and the surge tank 4
includes a resin lower body 25 and a resin upper body 28 that
are joined together by vibration welding, for example. The
lower body 25 is an integral unit combining a flange 22
connected to the cylinder head 3, a half lower intake air path
wall section 23, and a half lower surge tank wall section 24.
The upper body 28 is an integral unit combining a half upper
intake air path wall section 26 and a half upper surge tank wall
section 27.

A resin exhaust gas forming body 29 is joined to a top
surface of the upper body 28 by vibration welding, for
example. The upstream exhaust gas path section 17 and the
exhaust gas distribution header 13 are defined between the
upper body 28 and the exhaust gas path forming body 29.

Therefore, as shown in FIG. 2, the upstream exhaust gas
path section 17 having a circular section and the upstream
intake air path section 21 having a circular section are sec-
tioned by a common path wall 30 formed with the upper body
28 to be arranged parallel with each other, for example.

The upstream exhaust gas path section 17 and the common
path 20 are connected to each other so that a centerline (Y-Y2)
of the upstream exhaust gas path section 17 crosses a center-
line (X-Z) of the intake air path 12 with an angle 0 smaller
than 90 degrees.
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X represents a center of the intake air path 12 in a boundary
between the surge tank 4 and the upstream intake air path
section 21, which acts as a starting point as the intake air path
12.

Z represents a center of the intake air path 12 in a boundary
between the combustion chamber 7 and the downstream
intake air path section 19, which acts as a terminal point of the
intake air path 12.

Onthe otherhand, Y acting as a starting point of the exhaust
gas path 14 represents a center of the exhaust gas path 14 in a
boundary between the exhaust gas distribution header 13 and
the upstream exhaust gas path section 17. A terminal point of
the exhaust gas path 14 is Z, which also acts as the terminal
point of the intake air path 12.

Y2 is a section where an extension of the centerline of the
upstream exhaust gas path section 17 intersects the centerline
(X-Z) of the intake air path 12.

Referring to FIG. 1, a length of the exhaust gas path La (a
total length ofa length L.al measured along Y-Y1 and a length
La2 measured along X1-7) measured along the centerlines
(Y-Y1 and X1-7) of the exhaust gas path 14 is set to be in the
range from 75% to 125%, inclusive, of a length of the intake
air path Lb measured along the centerline (X-7) of the intake
air path 12. More particularly, in the current embodiment, the
length of the exhaust gas path La is set to substantially the
same (100%) as the length of the intake air path Lb (420 mm).

Y1 represents a section where the centerline of the
upstream exhaust gas path section 17 intersects an outlet
opening of the upstream exhaust gas path section 17 leading
to the intake air path 12.

X1 represents a section where a line segment passing
through Y1 intersects the centerline (X-Z7) of the intake air
path 12 at right angles.

Further, as shown in FIG. 1, a ratio of a length Lc of the
upstream exhaust gas path measured along the centerline
(Y-Y1) of the upstream exhaust gas path section 17 and the
extension thereof (Y1-Y2) to a path diameter D (L¢/D) is set
to 3 or greater. More particularly, in the current embodiment,
the ratio Lc/D is set to approximately 44 (L.c=310 mm, D=7
mm).

MODIFICATIONS

1. According to the air intake device for the internal com-
bustion engine of the present invention, the intake air path and
the exhaust gas path may be provided separately from each
other over the length.

2. The air intake device for the internal combustion engine
of the present invention may include an exhaust gas path for
supplying blowby gas functioning as the waste gas to the
combustion chamber.

3. The air intake device for the internal combustion engine
of the present invention may include an exhaust gas path for
supplying evaporated gas functioning as the waste gas to the
combustion chamber.

4. According to the air intake device for the internal com-
bustion engine of the present invention, the upstream exhaust
gas path section may be independently formed with a separate
pipe that is different form the pipe forming the upstream
intake air path section.

5. The air intake device for the internal combustion engine
of'the present invention may be provided in a rotary engine, in
addition to a reciprocating engine such as a gasoline engine
and a diesel engine.

REFERENCE SIGNS LIST

4 surge tank
7 combustion engine
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6
12 intake air path
13 exhaust gas distribution header
14 exhaust gas path

17 upstream exhaust gas path section

18 downstream exhaust gas path section

19 downstream intake air path section

20 common path

21 upstream intake air path section

30 common path wall

A internal combustion engine

D path diameter

La length of the exhaust gas path

Lb length of the intake air path

Lc length of the upstream exhaust gas path

X-Z centerline of the intake air path

Y-Y1, X1-Z centerline of the exhaust gas path

Y-Y1 centerline of the upstream exhaust gas path

0 angle

The invention claimed is:

1. An air intake device for an internal combustion engine,
comprising:

an intake air path for supplying air from a surge tank to a

combustion chamber of the internal combustion engine;
and

an exhaust gas path for supplying exhaust gas from an

exhaust gas distribution header to the combustion cham-
ber,

wherein the length of the exhaust gas path measured along

the centerline of the exhaust gas path is set to be in the
range from 75% to 125%, inclusive, of the length of the
intake air path measured along the centerline of the
intake air path,

the intake air path includes an upstream intake air path

section and a downstream intake air path section,

the exhaust gas path includes an upstream exhaust gas path

section and a downstream exhaust gas path section,

the downstream exhaust gas path section and the down-

stream intake air path section form a common path,

the upstream exhaust gas path section and the upstream

intake air path section of the intake air path positioned
upstream of the common path are arranged parallel with
each other,

the surge tank comprises a lower body and an upper body,

the lower body being an integral unit combining a half
lower intake air path wall section and a half lower surge
tank wall section, the upper body being an integral unit
combining a halfupper intake air path wall section and a
half upper surge tank wall section, and

the upstream exhaust gas path section and the exhaust gas

distribution header are formed on a top surface of the
upper body.

2. The air intake device according to claim 1, wherein the
length of the exhaust gas path is the same as the length of the
intake air path.

3. The air intake device according to claim 2, wherein a
ratio Le/D of the length of the upstream exhaust gas path Lc
measured along the centerline of the upstream exhaust gas
path section to a path diameter D is set to 3 or greater.

4. The air intake device according to claim 2, wherein the
upstream exhaust gas path section and the common path are
connected to each other to allow the centerline of the
upstream exhaust gas path section to cross the centerline of
the intake air path with an angle smaller than 90 degrees.

5. The air intake device according to claim 1, wherein the
upstream exhaust gas path section and the upstream intake air
path section are sectioned by a common path wall to be
arranged parallel with each other.
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6. The air intake device according to claim 2, wherein the
upstream exhaust gas path section communicates with an
intermediate portion of the intake air path.

7. The air intake device according claim 2, wherein the unit
of the upstream exhaust gas path section and the exhaust gas 5
distribution header comprises a body forming the exhaust gas
path and a body forming the surge tank.
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